INTRODUCTION 53
In Italy, grapes represent the most widespread fruit crop (1.5 million tonnes of table grapes and 47.1 54 millions hL of wine [1] ).
Botrytis cinerea Pers. Ex Fr. (teleomorph Botryotinia fuckeliana (de Bary) 55
Whetzel), the causal agent of grey mould, causes severe losses on grapevine (Vitis vinifera L.), 56 affecting wine quality. Control is achieved by integrating canopy and cluster management with 57 fungicide treatments, generally applied twice per season, at touching of berries and veraison [2] . 58
Several families of synthetic chemicals are available for the control of B. cinerea. They include 59 specific botryticides, such as dicarboximides which inhibit the lipid and membrane synthesis. For 60 over 25 years, dicarboximides -chlozolinate, iprodione, procymidone and vinclozolin -have been 61 the most popular class of specific fungicides against grey mould. Vinclozolin has been banned for 62 toxicological safety reasons. The repeated use of this fungicide class has caused the development of 63 strains of B. cinerea resistant to dicarboximides, prevalent in the Italian and French vineyards [3, 4] . 64 intervention against resistance. Excellent control was obtained with anilinopyrimidines, that inhibit 69 the biosynthesis of methionine, affecting the cystathionine-β-lyase [5, 6] and block the excretion of 70 hydrolytic enzymes involved in the pathogenic process [7] . The phenylpyrroles affect cell wall 71 synthesis and cause the accumulation of glycerol in mycelial cells: their primary target sites are 72 protein kinases involved in the regulation of polyol biosynthesis [8] . Fenhexamid is able to inhibit 73 the sterol biosynthesis, belonging to the class III of sterol biosynthesis inhibitors [9] . The 74 carboxamides block the energy production in the fungal cells, by inhibiting the succinate 75 ubiquinone reductases containing sulphur [10] . 76
In most grapevine growing areas, populations of B. cinerea resistant to benzimidazoles and/or 77 dicarboximides are widespread [11] , but their incidence is decreasing, thanks to the introduction of 78 anilinopyrimidines and phenylpyrroles that provide good levels of disease control [12] . The 79 availability of novel classes of compounds does not imply the total replacement of the older 80 fungicides, but represents a new powerful tool for the growers. Against grey mould, two sprays per 81 season are applied, and such strategy permits an effective alternation of dicarboximides, 82 anilinopyrimidines, phenylpyrroles, hydroxyanilides and carboxamides. 83
Consumers more and more request foodstuffs, including wine, with low levels of pesticide residues. 84
The alternation of different fungicides and the introduction of more efficient and less persistent 85 compounds should contribute to the reduction of pesticide residues at harvest, permitting to improve 86 of the quality of the grapes. According to an Italian Residue Monitoring Programme conducted by 87 the Ministry of Agriculture on grape samples collected in the field, 7.9%, 6.5%, and 2.5% samples 88 were irregular in 1996, 1998, and 1999 respectively [13] . Most of the irregular levels found were 89 caused by poor compliance of the pre-harvest interval, especially after repeated treatments with the 90 same active ingredients. 91
Studies about the fate of the major pesticides used in vineyard have been reviewed by Cabras and 92
Angioni [14] . Among the fungicides, pyrimethanil seemed the most persistent with residue levels 93 constant up to harvest, whereas fluazinam, cyprodinil, mepanipyrim, azoxystrobin, and fludioxonil 94 showed higher disappearance rates (t 1/2 were 4.3, 12, 12.8, 15.2, and 24 days, respectively). 95
Pesticide residues in wine were always smaller than those on the grapes and in the must, except for 96 those without a preferential partition between liquid and solid phase (azoxystrobin, dimethoate, and 97 pyrimethanil) present in wine at the same concentration than on the grapes. 98
The aim of this work was to test the effectiveness against grey mould of different fungicide control 99 strategies on two experimental vineyards belonging to the cultivars "Barbera" and "Moscato". The 100 tested fungicides were boscalid (2-chloro-N-(4'-chlorobiphenyl-2-yl)-nicotinamide), a new 101 carboxamide compound, cyprodinil (4-cyclopropyl-6-methyl-N-phenyl-2-pyrimidinamine), 102
isopropyl-2,4-dioxoimidazolidine-1-carboximide), and pyrimethanil N-(4,6-dimethylpyrimidin-2-105 yl)aniline). An integrated control strategy including a chemical (pyrimethanil) and a biocontrol 106 agent (Trichoderma spp. t2/4ph1) was also included. A second aim was to determine the residual 107 concentration of the fungicides on the grapes at harvest, to understand if the treatment strategies 108 were able to keep the residues within the MRLs (maximum residue levels). Trichoderma strain was a biocontrol agent isolated and studied by AGROINNOVA -University of 126
Torino for its efficacy against B. cinerea on grapes [15] . The strain was produced in liquid 127 hydrolyzed casein without shaking for 30 days at 26°C. The fungal mycelium was filtered and 128 resuspended in water to 10 8 conidia mL -1 . The fungicides and the biocontrol agent were applied by 129 a motor knapsack sprayer, by using 400 l/ha of water. Four untreated plots were used as control. options for grey mould control and anti-resistance management strategies [2] . 213
Boscalid was one of the most effective products among the chosen ones. Its efficacy when followed 214 by a treatment with pyrimethanil (trial 1) was similar to the efficacy shown by two treatments of 215 pyrimethanil (trial 4). This second strategy anyway presents some constraints, related to the risk of 216 resistance development [12, 16, 17] and to the residue accumulation, as the analysis showed. 217
The third strategy that permitted a high control of B. cinerea included a treatment with fenhexamid 218 followed by a treatment by cyprodinil+fludioxonil (treatment 5). A normally used strategy, based 219 first on a treatment with cyprodinil+fludioxonil and then one with fenhexamid (treatment 2), in 220 order to exploit the preventive action of the anilinopyrimidines [18] , showed to be less effective 221 either on Moscato or on Barbera vineyards.
The efficacy data provided by the use of fenhexamid and iprodione were not satisfying, especially 223 on the cultivar Barbera, probably for the high number of strains of B. cinerea resistant to 224 dicarboximides [3] . Finally, the application of three treatments of a Trichoderma spp. was really 225 ineffective against grey mould, even though in association with pyrimethanil (treatment 3). 226
The data of efficacy were compared with the residue analysis in the grapes harvested from different 227 plots, to guarantee the possibility of practically using the designed strategies in vineyard, keeping 228 the level of fungicide residues below the maximum residue level. 229
The maximum residue level (MRL) on grapes and the pre-harvest interval for each fungicide, 230 according to the European regulation [19] The residual concentrations of the tested fungicides at harvest are reported in table 3. The 238 concentration of boscalid was lower than 0.30 mg Kg -1 in grapes of both vineyards. To our 239 knowledge, no data concerning boscalid residues in grapes have been published. Chen et al. [21] 240 measured the dissipation rate of boscalid on cucumbers treated with a commercial WG BASF 241 formulation at 0.50 and 0.83 Kg a.i/ha, observing a rapid dissipation of the a.i, leading to residues 242 lower than 0.2 mg Kg -1 after 6 days. 243
The concentration at harvest of the other fungicides tested were lower than the MRL in all the 244 treatments, except in the treatment 4 where two subsequent treatments with Scala provoked an 245 accumulation of pyrimethanil with residual concentrations higher than the MRL (3 mg Kg -1 ) in the 246 grapes collected from both vineyards. Such result is in contrast with previous findings reported by 247 Rabølle et al. [22] on strawberries where 0.15 mg Kg -1 pyrimethanil were found after 42 and 29 days 248 from the treatments. When a single treatment was performed, the pyrimethanil concentration varied 249 from 0.24 mg Kg -1 (trial 3, 65 DAT) to 1.37 mg Kg -1 (trial 1, 58 DAT). These results suggest that, 250 although the same formulation and application rate were used, the dissipation rate of pyrimethanil 251 varied among the trials. This is in agreement with the discrepancy between the results of Cabras et 252 al.
[23] who found 1.11 mg Kg -1 pyrimethanil on grapes at 28 DAT and those of Angioni et al. [24] 253 who found 0.45 mg Kg -1 in similar conditions. In an experiment conducted on agar plates, Vaughan 254 et al. [25] observed that the metabolic activity of the actively growing mycelium of Botrytis cinerea 255 provoked the mobility of pyrimethanil within the agar medium. An interaction between the 256 development of B. cinerea and the disappearance of pyrimethanil seems to be confirmed by our data 257 since the lowest concentrations of residues (trial 3) corresponds to the highest percentage of 258 bunches with grey mould. The potential persistence of pyrimethanil on grapes is of concern since it 259 has been reported that the fungicide passes into the wine during wine-making [23] . al. [27] who found 0.80 mg Kg -1 21 DAT while the residual concentration measured by Rabølle et al. 269 [22] on strawberries was lower (0.041 mg Kg -1 ), although the crop was treated twice. 270
The residual concentration of iprodione was between 2.01 and 4.23 mg Kg -1 , therefore below the 271 MRL (10 mg Kg -1 ), but about one order of magnitude higher than the other tested fungicides except 272 pyrimethanil. The behaviour of iprodione in plants is largely documented in literature, in particular 273 in a review of Cabras et al. [28] concerning the fate of pesticides from vine to wine. The residues 274 reported in grapes varied between 0.46 and 8.3 mg Kg -1 depending on the application conditions. 275
Recent studies confirmed the high persistency of iprodione on the treated fruits: Cabras et al. [29] 276 found 1.09 mg Kg -1 on apricots 21 DAT and Stensvand and Christiansen [30] 2.2 mg Kg -1 in green-277 house grown strawberries. 278
At the moment, the MRL are fixed for single active ingredient but there is concern about the 279 possible synergic effect on the human health due to the presence of residues of different fungicides 280 on the same sample. In Italy, part of the large distribution is promoting high quality products with 281 residues levels not higher than 30% of the MLR and also the cumulative residues start to be 282 
